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(57) Abstract 



Process for producing a ferriucaily rolled steel strip, in which liquid steel is cast in a continuous-casting machine (1) to form a slab 
and, utilizing the casting heat, is conveyed through a furnace device (7) undergoes preliminary rolling in a preliminary rolling device (10) 
and, in a final rolling device (14), is finishing-rolled to form the ferritic steel strip with a desired final thickness, in which process, in a 
completely continuous, an endless or a semi-endless process, the slab is rolled in the austenitic range in the preliminary rolling device (10) 
and, after rolling in the austenitic range, is cooled to a temperature at which the steel has a substantially ferritic structure, and the strip 
is rolled, in the final rolling device, at speeds which substantially correspond to the speed at which it enters the final rolling device (14) 
and the following thickness reduction stages, and in at least one stand of the final rolling device (14), the strip is ferritically rolled at a 
temperature of between 850 °C and 600 °C, and, after leaving the final rolling device (14), is cooled rapidly to a temperature below 500 
°C in order substantially to avoid recrystallization. 
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PROCESS AND DEVICE FOR PRODUCING A FERRITICALLY ROLLED 
STEEL STRIP 

The invention relates to a process for producing a ferritically rolled steel strip, 
5 in which liquid steel is cast in a continuous-casting machine to form a slab and, 
utilizing the casting heat, is conveyed through a furnace device, undergoes preliminary 
rolling in a preliminary rolling device and, in a final rolling device, is finishing-rolled 
to form the ferritic steel strip with a desired final thickness. A process of this nature is 
described in patent application PCT/NL97/00325, the content of which is hereby 

10 deemed to be incorporated in the present patent application. The invention also relates 
to a device for producing a steel strip, suitable in particular for carrying out a process 
according to the invention, comprising at least one continuous-casting machine for 
casting thin slabs, a furnace device for homogenizing a slab, which has optionally 
undergone preliminary reduction, and a rolling device for rolling the slab down to a 

1 5 strip with the desired final thickness, and a coiler device for coiling the strip. A device 
of this nature is also known from patent application PCT/NL97/00325. 

PCT/NL97/00325 describes a completely continuous, endless or semi-endless 
process for producing a steel strip which has undergone at least one rolling step in the 
ferritic range. The strip emerging from the final rolling device is coiled onto a coiler 

20 device, which is disposed downstream of the final rolling device, at a temperature 
which is such that recrystallization occurs on the coil. 

. Surprisingly, it has been found that the said process is particularly suitable for 
producing a steel strip with particular properties. In this process, use is made of 
particular aspects of the device as described in application PCR/NL9 7/00325. In 

2 5 particular, these aspects relate to the very good control and 

homogeneity of the temperature of the slab or of the strip both in the width direction 
and in the thickness direction. The temperature is also homogeneous in the longitudinal 
direction, since the rolling process proceeds at a steady speed and therefore no 
acceleration or deceleration is required during rolling, due to the continuous, 

30 semi-endless or endless options which the device offers for rolling a ferritic strip. 

The temperature homogeneity as a function of time is also better than that which 
can be achieved using conventional installations. In addition, the device offers the 
possibility of carrying out rolling in a lubricating manner on one or more rolling mill 
stands. Also, cooling devices are provided at various locations in the device, so that the 

35 temperature profile of the steel slab or the steel strip can be controlled particularly 
successfully during its passage through and emergence from the installation. 
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In addition, particularly when using a vacuum tundish, the chemical 
composition of the steel can be particularly finely matched to the desired product 
properties. Moreover, owing to the good level of temperature homogeneity, the device 
allows a ferritic range which is very broad, i.e. extends over a wide temperature range, 
as explained in the patent application mentioned above. 

It has been found that the known process provides a steel strip with particularly 
good deformation properties in an embodiment which, according to the invention, is 
characterized in that in a completely continuous, an endless or a semi-endless process, 
the slab is rolled in the austenitic range in the preliminary rolling device and, after 
rolling in the austenitic range, is cooled to a temperature at which the steel has a 
substantially ferritic structure, and the strip is rolled, in the final rolling device, at 
speeds which substantially correspond to the speed at which it enters the final rolling 
device and the following thickness reduction stages, and in at least one stand of the 
final rolling device, the strip is ferritically rolled at a temperature of between 850°C and 
600°C, and, after leaving the final rolling device, is cooled rapidly to a temperature 
below 500°C in order substantially to avoid recrystallization. 

The invention works on the basis that, by cooling the ferritically rolled strip 
rapidly after it leaves the final rolling device, no recrystallization, or little 
recrystallization, occurs, and at least part of the structure which has undergone 
deformation in the high ferritic range is maintained. The ferritically rolled steel strip 
obtained in this way may, furthermore, undergo a cold ferritic reduction in the manner 
which is known per se, for example in such a manner that the total ferritic reduction lies 
in the vicinity of 70 to 80%, part of which is applied in the hot ferritic state and part in 
the cold ferritic state. The result is a cold-rolled steel strip with a high r-value and a low 
Ar-value. By way of indication, it can be stated that the slab thickness may be approx. 
70 mm and the thickness of the reduced slab at the transition from the austenitic range 
to the ferritic range lies in the range between 15 and 40 mm. Rapidly cooling the 
hot-roiled ferritic strip to a temperature below 500°C prevents the deformation structure 
from being lost as a result of recrystallization. 

In addition to a good temperature distribution, a good distribution of the 
reduction in size brought about by rolling across the thickness and width of the slab or 
strip is also of particular importance. Therefore, it is preferable to carry out the process 
in such a manner that, on at least one rolling stand at which ferritic rolling is carried 
out, lubrication rolling is carried out, and more particularly in such a manner that, on all 
the rolling stands at which ferritic rolling is carried out, lubrication rolling is carried 



out. 
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A further improvement to the stress distribution and the reduction distribution 
through the cross section of the slab or strip is achieved by means of a process which is 
characterized in that, on at least one rolling mill stand of the preliminary rolling device, 
rolling is carried out in a lubricating manner. 
5 Particularly good deformation properties, i.e. high r-values and low Ar-values, 

are obtained by means of an embodiment of the process which is characterized in that 
the steel is an IF steel. A steel of this nature makes it possible to achieve an r-value of 
approx. 3. It is preferable to use an IF steel of heavy analysis with a sufficiently high 
titanium content and a suitably matched sulphur content, so that no interstices are 
10 formed during the ferritic rolling. A strip of this nature is particularly suitable as 
deep-drawing steel and as a starting material for coated strip, in particular galvanized 
strip. 

Another embodiment of the process according to the invention is characterized 
in that the steel is a low-carbon steel. The known process for making DWI steels makes 

15 it possible to achieve r-values in the vicinity of 1.1. In the packing steel world, an 
r-value of 1.2 is desirable. With the process according to the invention, it is readily 
possible to achieve an r-value of 1.3 or more. The background to this is that, in contrast 
to the traditional method of producing DWI steel, using the process according to the 
invention it is possible to achieve a good starting value of the texture giving rise to the 

2 0 desired r-value of 1.3. In this context, low-carbon steel is understood to mean a steel 
with a carbon concentration of between 0.01 and 0.1%, preferably between 0.01 and 
0.07%. 

In order to achieve the desired high cooling rate, a further embodiment of the 
process according to the invention is characterized in that the strip, after leaving the 

2 5 final rolling device, is cooled by a cooling device with a cooling capacity of more than 
2 MW/m 2 . In order to keep the distance between final rolling device and coiling device 
as short as possible and to achieve a high level of flexibility in terms of cooling rate, a 
further embodiment of the process according to the invention is characterized in that the 
cooling device has a cooling capacity of more than 3 MW/m 2 . 

30 Such cooling rates can be achieved by means of a process which, according to 

the invention, is characterized in that, in the cooling device, use is made of water which 
is sprayed onto the slab by coherent jets placed with a high position density. 

A cooling device which allows the cooling rates which are desirable according 
to the invention to be achieved is described, inter alia, in the final report of an ECSC 

35 project No. 7210-EA/214, the content of which is hereby deemed to be incorporated in 
the present application. A significant advantage of the cooling device which is known 
from this report is the wide range over which cooling capacity can be regulated, the 
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homogeneity of the cooling and the high cooling capacity per unit surface area. 
Selecting a high cooling capacity of this nature makes it possible to achieve the desired 
cooling rate at the exit speeds which arise in a continuous, endless or semi-endless 
rolling process. 

The invention is also embodied by a device for producing a steel strip, suitable 
in particular for carrying out a process according to the invention, comprising at least 
one continuous-casting machine for casting thin slabs, a furnace device for 
homogenizing a slab, which has optionally undergone preliminary size reduction, and a 
rolling device for rolling the slab down to a strip with the desired final thickness, and a 
coiler device for coiling the strip. 

Surprisingly, it is now been found that the so-called close-in-coiler directly 
downstream of the rolling mill stand can be avoided by an embodiment of the device 
which is characterized in that a cooling device with a cooling capacity of at least 
2 MW/nr is placed between the final rolling mill stand of the rolling device and the 
coiler device. 

In the past, numerous proposals have been made for devices and processes for 
achieving a high cooling rate of a steel strip downstream of a rolling device and 
upstream of a coiler device. In the case of a device as described in PCT/NL97/00325, it 
is possible to produce both a ferritically rolled strip which recrystallizes on the coil and 
an austenitically rolled strip. In addition, the device is particularly suitable for 
producing a ferritically rolled steel strip according to the present invention. When 
producing a ferritic strip which recrystallizes on the coil, it is attempted to keep the 
cooling of the strip after it leaves the final rolling device as low as possible and 
therefore to employ a coiler device which is positioned as close as possible downstream 
of the final rolling device (close-in-coiler). If an austenitically rolled steel strip is being 
produced, this strip has to be cooled before being coiled. Therefore, the close-in-coiler 
which has just been mentioned is not suitable for this purpose, and a second coiler 
device following the cooling device is desirable. If the cooling capacity of the cooling 
device is high, the length over which cooling is carried out is short and the 
close-in-coiler can be omitted, a fact which provides the additional advantage of 
considerable savings. 

Given a high cooling capacity of this nature, the distance between the exit sides 
of the final rolling device and the coiler following the cooling device is so short that the 
fall in temperature of a ferritically rolled steel strip over this distance is also so low that 
it has still proven possible to coil the strip at a temperature at which recrystallization 
takes place on the coil. 
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The invention will now be explained in more detail with reference to a 
non-limiting embodiment according to the drawing, in which: 

Fig. 1 shows a diagrammatic side view of a device with which the process 
according to the invention can be carried out; 
5 Fig. 2 shows a graph illustrating the temperature profile in the steel as a 

function of the position in the device; 

Fig. 3 shows a graph illustrating the thickness profile of the steel as a function 
of the position in the device. 

In Fig. 1, reference numeral 1 indicates a continuous-casting machine for 
10 casting thin slabs. In this introductory description, this term is understood to mean a 
continuous-casting machine for casting thin slabs of steel with a thickness of less than 
150 mm, preferably less than 100 mm, more preferably less than 80 mm. The 
continuous-casting machine may comprise one or more strands. It is also possible for a 
plurality of casting machines to be positioned next to one another. These embodiments 
15 fall within the scope of the invention. Reference numeral 2 indicates a casting ladle 
from which the liquid steel which is to be cast is fed to a tundish 3, which in this design 
is in the form of a vacuum tundish. The tundish is preferably provided with means, 
such as metering means, mixing means and analysis means, for setting the chemical 
composition of the steel to a desired composition, since in the present invention the 
20 composition is important. Beneath the tundish 3, there is a casting mould 4 into which 
the liquid steel is cast and at least partially solidified. If desired, casting mould 4 may 
be equipped with an electromagnetic brake. The standard continuous-casting machine 
has a casting speed of approx. 6 m/min; additional measures, such as a vacuum tundish 
and/or an electromagnetic brake provide the prospect of casting rates of 8 m/min or 

2 5 more. The solidified thin slab is introduced into a tunnel furnace 7 which has a length 

of, for example, 250-330 m. As soon as the cast slab has reached the end of the furnace 
7, the slab is cut into slab sections in a semi-endless process using the shearing device 
6. A semi-endless process is understood to mean a process in which a number of coils, 
preferably more than three, more preferably more than five coils, of the standard coil 

3 0 size are rolled from a single slab or slab section, in a continuous rolling process in at 

least the final rolling device, so as to give the final thickness. In an endless rolling 
process, the slabs or, after the preliminary rolling device, strips are coupled together so 
that an endless rolling process can be carried out in the final rolling device. In a 
continuous process, a slab moves through the path between continuous-casting machine 
35 and exit side of the rolling device without interruption. The invention is explained here 
on the basis of a semi-endless process, but can obviously also be used for an endless or 
continuous process. Each slab section represents a quantity of steel corresponding to 
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five to six conventional coils. In the furnace, there is room to store a number of slab 
sections of this nature, for example to store three slab sections. As a result, those parts 
of the installation which lie downstream of the furnace can continue to operate while 
the casting ladle in the continuous-casting machine is being changed and the casting of 
a new slab is to commence, and ensures that the continuous-casting machine can 
continue to operate if a fault arises downstream. Also, storage in the furnace increases 
the residence time of the slab sections therein, resulting in improved temperature 
homogenization of the slab sections. The speed at which the slab enters the furnace 
corresponds to the casting speed and is therefore approx. 0.1 m/sec. Downstream of 
furnace 7, there is an oxide-removal device 9, in this case in the form of high-pressure 
water jets with a pressure of approx. 400 atmosphere, for blasting off the oxide which 
has formed on the surface of the slab. The speed at which the slab passes through the 
oxide-removal installation and enters the furnace device 10 is approx. 0.15 m/sec. The 
rolling device 10, which fulfils the function of the preliminary rolling device, comprises 
two four-high stands, which are preferably equipped with a device for roller lubrication. 
If desired, a shearing device 8 may be included for emergency situations. 

It can be seen from Fig. 2 that the temperature of the steel slab, which is 
approximately 1450°C on leaving the tundish, falls in the rolling stand to a level of 
approx. 1150°C, and the slab is homogenized in the furnace device at that temperature. 
The intensive spraying with water in the oxide-removal device 9 causes the temperature 
of the slab to fall from approximately 1150°C to approximately 1050°C. This applies 
both for the austenitic process and for the ferritic process, a and f respectively. In the 
two rolling mill stands of the preliminary rolling device 10, the temperature of the slab 
falls, with each roller increment, by another approximately 50°C, so that the slab, the 
thickness of which was originally approximately 70 mm and which is formed in two 
steps, with an interim thickness of 42 mm, into a steel strip with a thickness of approx. 
16.8 mm, is at a temperature of approximately 950°C. The thickness profile as a 
function of the location is shown in Fig. 3. The numbers indicate the thickness in mm. 
A cooling device 1 1, a set of coil boxes 12 and, if desired, an additional furnace device 
(not shown) are accommodated downstream of the preliminary rolling device 10. 
During the production of an austenitically rolled strip, the strip emerging from the 
rolling device 10 may be temporarily stored and homogenized in the coil boxes 12, and 
if an additional increase in temperature is required, may be heated in the heating device 
(not shown) which is positioned downstream of the coil box. It would be obvious to the 
person skilled in the art that coiling device 11, coil boxes 12 and the furnace device 
which is not shown may be in different positions with respect to one another from those 
mentioned above. As a result of the reduction in thickness, the rolled strip enters the 
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coil boxes at a speed of approx. 0.6 m/sec. A second oxide-removal installation 13, 
water pressure approximately 400 atmosphere, is positioned downstream of the cooling 
device 11, coil boxes 12 or furnace device (not shown), for the purpose of again 
removing an oxide skin which may have formed on the surface of the rolled strip. If 
5 desired, another shearing device may be included so as to top and tail a strip. The strip 
is then introduced into a rolling train which may be in the form of six four-high rolling 
mill stands which are positioned one behind the other and are preferably constructed 
with a device for roller lubrication. 

When producing an austenitic strip, it is possible to achieve the desired final 

10 thickness of between, for example, 1.0 and 0.6 mm by using only five rolling mill 
stands. The thickness which is achieved by each rolling mill stand is indicated, for a 
slab thickness of 70 mm, in the top row of figures in Fig. 3. After leaving the rolling 
train 14, the strip, which is then at a final temperature of approximately 900°C and has 
a thickness of 0.6 mm, is intensively cooled by means of a cooling device 15 and is 

15 coiled onto a coiler device 16. The speed at which it enters the coiler device is approx. 
13-25 m/sec. 

If a ferritically rolled steel strip according to the invention is to be produced, the 
steel strip emerging from the preliminary rolling device 10 is intensively cooled by 
means of cooling device 11. This cooling device mLy also be incorporated between 

20 rolling stands of the final rolling device. It is also possible to employ natural cooling, ♦ 
optionally between rolling stands. Then, the strip spans coil boxes 12 and, if desired, 
the furnace device (not shown), and oxide is then removed in oxide-removal installation 
13. The strip, which is by now in the ferritic range, is then at a temperature of 
approximately 750°C. In this case, a further part of the material may still be austenitic 

25 but, depending on the carbon content and the desired final quality, this may be 
acceptable. In order to provide the ferritic strip with the desired final thickness of 
between, for example, 0.8 and 0.5 mm, all six stands of the rolling train 14 are used. 

As in the situation where an austenitic strip was being rolled, for rolling a 
ferritic strip an essentially equal reduction in thickness is used for each rolling mill 

30 stand, with the exception of the reduction ca±ried out by the final rolling mill stand. All 
this is illustrated in the temperature profile in accordance with Fig. 2 and the thickness 
profile in accordance with the bottom row of Fig. 3 for ferritic rolling of the steel strip 
as a function of the position. The temperature profile shows that the strip, on emerging, 
is at a temperature which is well above the recrystallization temperature. Therefore, in 

35 order to prevent the formation of oxide, it may be desirable to use a cooling device 15 
to cool the strip to the desired coiling temperature, at which recrystallization may still 
take place. If the exit temperature from rolling train 14 is too low, it is possible to bring 
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the ferritically rolled strip up to a desired coiling temperature by means of a furnace 
device 18 which is positioned downstream of the rolling train. In the process according 
to the invention, the ferritically rolled steel strip, after it leaves the rerolling device 14, 
is cooled very rapidly, by means of cooling device 15, to a temperature at which at least 
a considerable part of the structure made during rolling is maintained. Cooling to below 
500°C is sufficient for this purpose. 

Owing to the high speed at which the ferritically rolled strip exits the rerolling 
device 14, and in order to keep the distance over which cooling is carried out low, 
cooling device 15 has a very high cooling capacity, of more than 2 and preferably more 
than 3 MW/m 2 . 

Because the cooling device 15 is very short, the distance between the exit side 
of the rerolling device 14 and the coiler device 16, which in this case is in the form of a 
so-called carousel coiler, is also short. As a result, coiler device 15 can also be used in 
the conventional process for producing ferritic strip in which the steel recrystallizes on 
the coil. A so-called close-in-coiler immediately downstream of the exit side of the 
rerolling device 14, in order to limit the fall in temperature between the rerolling device 
14 and a coiler device, is therefore not required. 

Cooling device 15 and furnace device 18 may be positioned next to one another 
or one behind the other. It is also possible to replace one device with the other device 
depending on whether ferritic or austenitic strip is being produced. Rolling can be 
carried out endlessly or continuously when producing a ferritic strip. This means that 
the strip emerging from the rolling device 14 and, if appropriate, cooling device or 
furnace device 15 or 18, respectively, has a greater length than is usual for forming a 
single coil and that a slab section with the length of a complete furnace, or even a 
longer slab section, is rolled continuously. A shearing device 17 is included in order to 
cut the strip to the desired length, corresponding to standard coil dimensions. By 
suitably selecting the various components of the device and the process steps carried 
out using this device, such as homogenization, rolling, cooling and temporary storage, 
it has proven possible to operate this device with a single continuous-casting machine, 
whereas in the prior art two continuous-casting machines are used in order to match the 
limited casting speed to the much higher rolling speeds which are customarily 
employed. If desired, an additional so-called close-in-coiler may be accommodated 
immediately downstream of the rolling train 14 in order to assist with controlling the 
strip movement and the strip temperature, but this is not necessary, as indicated above. 
The device is suitable for strips with a width which lies in the range between 1000 and 
1500 mm and a thickness of approximately 1.0 mm in the case of an austenitically 
rolled strip and of approximately 0.5 to 0.6 mm in the case of a ferritically rolled strip. 
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The homogenization time in the furnace device 7 is approximately ten minutes for 
storing three slabs of the length of the furnace. The coil box is suitable for storing two 
complete strips in the case of austenitic rolling. 
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2. 

20 

3. 

25 4. 
5. 

30 

6. 

35 7. 



Process for producing a ferritically rolled steel strip, in which liquid steel is cast 
in a continuous-casting machine to form a slab and, utilizing the casting heat, is 
conveyed through a furnace device, undergoes preliminary rolling in a 
preliminary rolling device and, in a final rolling device, is finishing-rolled to 
form the ferritic steel strip with a desired final thickness, characterized in that, in 
a completely continuous, an endless or a semi-endless process, the slab is rolled 
in the austenitic range in the preliminary rolling device and, after rolling in the 
austenitic range, is cooled to a temperature at which the steel has a substantially 
ferritic structure, and the strip is rolled, in the final rolling device, at speeds 
which substantially correspond to the speed at which it enters the final rolling 
device and the following thickness reduction stages, and in at least one stand of 
the final rolling device, the strip is ferritically rolled at a temperature of between 
850°C and 600°C, and, after leaving the final rolling device, is cooled rapidly to 
a temperature below 500°C in order substantially to avoid recrystallization. 

Process according to Claim 1, characterized in that, on at least one rolling stand 
at which ferritic rolling is carried out, lubrication rolling is carried out. 

Process according to one of the preceding claims, characterized in that, on all 
the rolling stands at which ferritic rolling is carried out, lubrication rolling is 
carried out. 

Process according to one of the preceding claims, characterized in that, on at 
least one rolling mill stand of the preliminary rolling device, lubrication rolling 
is carried out. 

Process according to one of the preceding claims, characterized in that the steel 
is an IF steel. 

Process according to one of Claims 1-4, characterized in that the steel is a 
low-carbon steel. 

Process according to one of the preceding claims, characterized in that the strip, 
after leaving the final rolling device, is cooled by a cooling device with a 
cooling capacity of more than 2 MW/m 2 . 
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Process according to Claim 7, characterized in that the cooling device has a 
cooling capacity of more than 3 MW/m 2 . 

Process according to Claim 7 or 8, characterized in that, in the cooling device, 
use is made of water which is sprayed onto the slab by coherent jets placed with 
a high position density. 

Device for producing a steel strip, suitable in particular for carrying out a 
process according to one of the preceding claims, comprising at least one 
continuous-casting machine for casting thin slabs, a furnace device for 
homogenizing a slab, which has optionally undergone preliminary size 
reduction, and a rolling device for rolling the slab down to a strip with the 
desired final thickness, and a coiler device for coiling the strip, characterized in 
that a cooling device with a cooling capacity of at least 2 MW/m 2 is placed 
between the final rolling mill stand of the rolling device and the coiler device. 




SUBSTITUTE SHEET (RULE 26) 



INTERN. 



AL SEARCH REPORT 



Internal^^^Appllcatlon No 

PCT/NL 98/00699 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B21B1/46 B21B1/26 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 B21B C21D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



DE 195 20 832 A (MANNESMANN AG) 
25 April 1996 

see column 2, line 41 - column 4, line 68; 
figure 

PATENT ABSTRACTS OF JAPAN 

vol. 096, no. 001, 31 January 1996 

-& JP 07 242947 A (SUMITOMO METAL IND 

LTD), 19 September 1995 

see abstract; tables 



PATENT ABSTRACTS OF JAPAN 
vol. 011, no. 038 (C-401), 4 
-& JP 61 204331 A (KAWASAKI 
10 September 1986 
see abstract; tables 3,4 



February 1987 
STEEL CORP), 



-/-- 



Relevant to daim No. 



l 

7-10 



7-10 
1,6 



LH 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



• Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
a E" earlier document but published on or after the international 

fifing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

- &" document member of the same patent family 



Date of the actual completion of the international search 



22 February 1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswqk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 



26/02/1999 



Authorized officer 



Plastiras, D 



Form PCT/ISAS10 (second sheet) (July 1992) 



page 1 of 2 



3MSOOCID: <WO 9S29^6Ai_l_> 



INTERT^^ 



ONAL SEARCH REPORT 



C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Intern^ A Application No 

PCT/NL 98/00699 



Category ° I Citation of document, with indication. where appropriate, of the 



relevant passages 



Relevant to claim No. 



US 3 753 796 A (MELLOY G ET AL) 
21 August 1973 

see column 3, line 33 - column 4, line 50 

DE 196 00 990 A (THYSSEN STAHL AG) 

17 July 1997 

see claims; figures 

US 4 861 390 A (IRIE TOSHI0 ET AL) 
29 August 1989 

see column 3, line 11 - line 15; claims 
see column 11, line 67 - column 12, line 
28 

see column 26, line 56 - line 68 

EP 0 524 162 A (CENTRE RECH METALLURGIQUE) 

20 January 1993 

see abstract; tables 

see page 3, line 45 - line 50 

WO 92 00815 A (ARVEDI GIOVANNI) 
23 January 1992 

see page 9, line 17 - page 10, line 20; 
figure 



1,9,10 



1-4 



1,10 



1,2,5 



1,10 



Form PCT/lSA^iO (continuation of second sheet) (July 1992) 
<WO 9929446A 1J_> 



page 2 of 2 



INTERN. 



NAL SEARCH REPORT 

Iroormatlon on patent family members 



Internaf^^^vppllcation No 

PCT/NL 98/00699 



Patent document 


Publication 




Patent family 




Publication 


cited in search report 


date 




members) 




date 


DE 19520832 A 


25-04-1996 


AU 


686014 


B 


29-01-1998 




A 1 1 

AU 


*)f CI Oft C 

3561395 


A 

A 


i E fit 1 QQA 




CA 


OOA OC 1 c 

2202616 


A 


u^-ub— j.yyo 




WO 


ac 1 OF* TO 

9612573 


A 

A 


uz-ub-iyyo 




EP 


non >i o a a 

0804300 


A 


ob-n-iyy/ 




1 1 c 

US 


5832985 


A 

A 


1 A 1 1 1 AAA 

iu-ii-iyyo 


US 3753796 A 


21-08-1973 


BE 


743101 


A 


1 C AC 1 Q"7ft 

lb-Uo-iy /U 




CA 


934274 


A 


25-09-1973 




DE 


1962334 


A 


23-07-1970 




FR 


2026729 


A 

A 


1 Q ftQ 1 ft*7A 

io-oy-iy /u 




GB 


i oono on 


A 

A 


1 0 HQ 1 Q70 

io-uy-iy /z 




NL 


cm m i o 

6919112 


A 

A 


OO AC 1 ft "7 A 

Zi-uo-iy/u 




SE 


359858 


B 


10-09-1973 




US 


3645801 


A, 


29-02-1972 


DE 19600990 A 


17-07-1997 


A 1 1 

AU 


1440897 


A 

A 


i i-uo-iyy/ 




CA 


OOA OTOO 

2242728 


A 

A 


O/l A7 1 007 

z4-u/-iyy/ 




WO 


A"TOC O *7*7 

9726377 


A 

A 


O/l A7 1 Ofi7 

Z4-o/-iyy/ 




EP 


AOTO A O O 

0873428 


A 


oo i a 1 ftno 

Zo-lu-l99o 


US 4861390 A 


29-08-1989 


JP 


1 C OOF* 1 F* 

1628515 


C 


oa i o i no i 

20-12-1991 






oo n *r i o o 

2057128 


B 


a^ i o i nnn 
04-1Z-1990 




JP 


61204320 


A 


1 A AA 1 AOC 

10-09-1986 




JP 


62013534 


A 

A 


OO A1 1 A07 

22-01-1987 




JP 


1628516 


C 


oa i o *t aai 
20-12-1991 




JP 


«r»F *T1 OO 

2057129 


B 


t\A 1 O 1 AAA 

04-12-1990 




JP 


61204322 


A 

A 


1 A Aft 1 noc 

10-09-19oo 




*t o 
JP 


1 f OOF* 1 "7 

1628517 


o 

C 


OA 10 1 OQ1 

zu-iz-iyyi 




1 o 
JP 


**iftF71 OA 

2057130 


n 
D 


f\A i o i oon 

u4-iz-iyyu 




JP 


/~ i oo a o o o 

61204323 


A 

A 


1 A Aft 1 flQC 

iu-oy-iyoo 




JP 


i c nftp a a 

1609500 


o 

C 


oq aa i Qfji 

Zo-uo-iyyi 




i fj 
JP 


OAO"7A 1 A 

2027414 


o 
D 


i q nc. i oon 

lo uo— iyyu 




JP 


£ 1 OA /I O O /I 

61204324 


A 

A 


1 A Aft 1 OQC 

io-oy-iyoo 




*i o 
JP 


-i conn o 

1628518 


c 


OA 1 O 1 QQ1 

zu-iz-iyyi 




JP 


OOF* *7 1 O 1 

2057131 


B 


a/i io i oon 

U4-iz-iyyu 




JP 


tC "I OA A O O C* 

61204325 


A 

A 


1 A HQ 1 HOC 




JP 


1 OAF* A *l 

1609501 


C 


OQ AC 1 QQ1 

Zo-uo-iyyi 




JP 


O A O "7 /! 1 F" 

2027415 


o 

B 


i o ac 1 oon 

lo-uo-iyyu 




JP 


^ *1 O A A O OC 

61204326 


A 

A 


1 A Aft 1 OQC 

iu-uy-iyoo 




JP 


i cnnr a o 

1609502 


o 

C 


OQ A A 1 QQ1 




t o 
JP 


O A O "7/1 n 

2027413 


B 


1 Q AC 1 AAA 

lo-uo-iyyu 




JP 


/- 1 oa /tin 

61204327 


A 

A 


1 A Aft 1 Q Q£ 

iu-uy-iyoo 




JP 


1 C OOF" 1 A 

1628519 


c 


OA 10 1 OQ1 

zu-i£-iyy x 




JP 


OAF" "71 O O 

2057132 


FJ 

B 


a^ i o i oon 

04-i2-iyyu 




JP 


£• 1 OA/IOOO 

61204328 


A 

A 


1 A Aft 1 QQC 

iu-uy-iyc5o 




1 Fl 
JP 


1 CAACAO 

1609503 


A 

c 


OQ AC 1 Q01 

2o-uD-iyyi 




*i r> 
JP 


2027416 


r> 

B 


i q i oon 

lo-uo-iyyu 




1 A 

JP 


it* 1 O A A O O A 

61204329 


A 

A 


1 A Aft 1 QQC 

iu-uy-iyoo 




JP 


1 <*oi*ir oa 

1628520 


o 

C 


oa i o i noi 

zo-12-iyyi 




JP 


OAF* **y 1 o o 

2057133 


B 


f\A i o i oon 

04-i2-iyyu 




JP 


61204330 


A 


10-09-1986 




JP 


1609504 


C 


OO AC *1 OA1 

28-06-1991 




JP 


2027417 


B 


18-06-1990 




JP 


61204331 


A 


10-09-1986 




JP 


1640770 


C 


18-02-1992 




JP 


3003730 


B 


21-01-1991 




JP 


61261434 


A 


19-11-1986 1 



Form PCT/lSA/210 (patent tamiy annex) (July 1992) 
AJSDOCID: <WO_9T329446A1_L> 



page 1 of 2 



INTERN/MWNAL SEARCH REPORT 



intenWT 



Application No 

PCT/NL 98/00699 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



US 4861390 



EP 0524162 



20-01-1993 



WO 9200815 



23-01-1992 



Publication 
date 



AU 


566498 


B 


22-10-1987 


AU 


5438786 


A 


11-09-1986 


BR 


8600962 


A 


11-11-1986 


CA 


1271396 


A 


10-07-1990 


CN 


1013350 


B 


31-07-1991 


EP 


0196788 A 


08-10-1986 


BE 


1005143 


A 


04-05-1993 


BE 


1005147 


A 


04-05-1993 


DE 


69227548 


D 


17-12-1998 


IT 


1244295 


B 


— • — _____ 

08-07-1994 


AT 


106286 


T 


15-06-1994 


AU 


644889 


B 


23-12-1993 


AU 


8100791 


A 


04-02-1992 


BG 


60451 


B 


28-04-1995 


CA 


2085223 


A 


10-01-1992 


DE 


69102280 


D 


07-07-1994 


DE 


69102280 


T 


15-09-1994 


DK 


541574 


T 


22-08-1994 


EP 


0541574 


A 


19-05-1993 


ES 


2055608 


T 


16-08-1994 


FI 


925907 


A,B, 


28-12-1992 


HU 


211120 


B 


30-10-1995 


JP 


6503853 


T 


28-04-1994 


NO 


176949 


B 


20-03-1995 


RU 


2070584 


C 


20-12-1996 


US 


5329688 


A 


19-07-1994 



Form PCT/1SA/210 (patent family annex) (July 1992) 
-ID: <WO 9929446A1 J_> 



page 2 of 2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. " 

Defects in the images include but are not limited to the items checked: 

ZCK BORDERS 
GE CUT OFF AT TOP, BOTTOM OR SIDES 
gTfaded TEXT OR DRAWING 

□'blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

□ lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



